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(57) ABSTRACT

An information processing apparatus comprises an image
capturing unit configured to output a maximum tone value
for each tone point at which exposure exceeds a saturation
light amount; a calculation unit configured to calculate
individual tone intersections by interpolating tone distribu-
tions of a first and second luminance pattern lights that were
output by the image capturing unit; and a light quantity
adjustment unit configured to adjust the quantity of light that
enters the image sensor such that the tone values of tone
points that are adjacent to the tone intersections and are used
in calculation of the individual tone intersections are lower
than the maximum tone value, and the tone value of at least
one tone point other than the adjacent tone points is equal to
the maximum tone value.
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INFORMATION PROCESSING APPARATTUS,
CONTROL METHOD FOR THE SAME AND
STORAGE MEDIUM

This application is a continuation of pending application
Ser. No. 13/675,326 filed Nov. 13, 2012, which has been
allowed.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an information processing
apparatus, a control method for the same, and a storage
medium, and in particular relates to an information process-
ing apparatus that captures images of a measurement object
on which multiple patterns are projected and processes
information for obtaining three dimensional shape data
regarding the measurement object, a control method for the
same, and a storage medium.

Description of the Related Art

There is widely-known three dimensional measurement in
which a projection apparatus and an image capturing appa-
ratus are arranged in a known relationship, the image
capturing apparatus captures an image of a measurement
object on which pattern light is projected by the projection
apparatus, and three dimensional shape data regarding the
measurement object is obtained.

Japanese Patent Laid-Open No. 2007-192608 discloses
technology for obtaining the three dimensional shape of a
measurement object by projecting first bright-dark pattern
light having bright portions and dark portions arranged
alternately with an arbitrary width and second bright-dark
pattern light obtained by shifting the phase of the first
bright-dark pattern light, capturing images thereof, obtain-
ing the tone distribution of each image, and calculating a
positions on an image sensor that correspond to intersections
between the first and second bright-dark pattern light.

When light enters various types of light detecting ele-
ments, such as a CCD image sensor, that are used in image
sensors, quantally-generated shot noise is unavoidably gen-
erated at the same as signals corresponding to light intensity
are obtained. With a conventional intersection detection
technique, intersections are obtained by interpolating tone
values in the tone distribution of tones obtained by sampling
first and second brightness patterns at each imaging pixel.

If captured images have been influenced by shot noise or
other noise, intersections are calculated using tone values
that include noise, and therefore the intersections have a
margin of error due to noise. Regarding the influence that
quantally-generated shot noise has on intersection detection,
the amount of shot noise with respect to the intensity of light
entering the image sensor relatively increases when the light
intensity is low. For this reason, the SN ratio of the tone
distribution decreases, and the margin of error in detected
intersection positions increases.

On the other hand, when the intensity of light entering the
image sensor is high, the amount of shot noise with respect
to the light intensity is relatively low, the SN ratio improves
over the case where the light intensity is low, and the margin
of error in detected intersection position decreases.

However, if the intensity of light entering the image
sensor is higher than necessary, the tone values of pixels
used in intersection detection approach and then reach the
maximum tone value of the image sensor. For this reason, if
intersections are detected by interpolating tone values, the
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margin of error increases, and the ability to perform precise
three dimensional measurement is lost.

SUMMARY OF THE INVENTION

In view of the issue described above, the present invention
provides technology that makes precise three dimensional
measurement possible by improving the precision of inter-
section position detection.

According to one aspect of the present invention, there is
provided an information processing apparatus comprising: a
projection unit configured to project one of first luminance
pattern light and second luminance pattern light that has a
different luminance distribution on a measurement object; an
image capturing unit configured to form the pattern light
projected on the measurement object onto an image sensor
as a tone distribution, output a maximum tone value for each
tone point at which exposure exceeds a saturation light
amount, and output a tone value corresponding to exposure
for each tone point at which exposure is less than or equal
to the saturation light amount; a calculation unit configured
to calculate individual tone intersections by interpolating a
tone distribution of the first luminance pattern light and a
tone distribution of the second luminance pattern light that
were output by the image capturing unit; and a light quantity
adjustment unit configured to adjust the quantity of light that
enters the image sensor such that the tone values of tone
points that are adjacent to the tone intersections and are used
in calculation of the individual tone intersections are lower
than the maximum tone value, and the tone value of at least
one tone point other than the adjacent tone points is equal to
the maximum tone value.

According to one aspect of the present invention, there is
provided a method for controlling an information processing
apparatus, comprising the steps of: projecting one of first
luminance pattern light and second luminance pattern light
that has a different luminance distribution on a measurement
object; forming the pattern light projected on the measure-
ment object onto an image sensor as a tone distribution,
outputting a maximum tone value for each tone point at
which exposure exceeds a saturation light amount, and
outputting a tone value corresponding to exposure for each
tone point at which exposure is less than or equal to the
saturation light amount; calculating individual tone inter-
sections by interpolating a tone distribution of the first
luminance pattern light and a tone distribution of the second
luminance pattern light that were output in the image
capturing step; and adjusting the quantity of light that enters
the image sensor such that the tone values of four tone points
that are adjacent to the tone intersections and are used in
calculation of the individual tone intersections are lower
than the maximum tone value, and the tone value of at least
one tone point other than the adjacent tone points is equal to
the maximum tone value.

Further features of the present invention will be apparent
from the following description of exemplary embodiments
with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a diagram showing a configuration of a three
dimensional measurement apparatus.

FIG. 1B is a diagram showing a block configuration of a
processing unit of the three dimensional measurement appa-
ratus.

FIG. 2 is a conceptual diagram for describing processing
for detecting an intersection position.
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FIG. 3 is a flowchart showing a procedure of preliminary
preparation measurement processing according to a first
embodiment.

FIG. 4 is a flowchart showing a procedure of intersection
detection processing in actual measurement according to the
first embodiment.

FIGS. 5A and 5B are flowcharts showing a procedure of
preliminary preparation measurement processing according
to a second embodiment.

FIG. 6 is a flowchart showing a procedure of intersection
detection processing in actual measurement according to the
second embodiment.

FIG. 7 is a flowchart showing a procedure of preliminary
preparation measurement processing according to a third
embodiment.

FIG. 8 is a diagram showing examples of tone distribu-
tions obtained in three dimensional measurement.

FIG. 9 is a diagram showing an example of a tone
histogram.

FIGS. 10A and 10B are diagrams for describing a concept
for improving precision in intersection detection.

DESCRIPTION OF THE EMBODIMENTS

Exemplary embodiments of the present invention will
now be described in detail with reference to the drawings. It
should be noted that the relative arrangement of the com-
ponents, the numerical expressions and numerical values set
forth in these embodiments do not limit the scope of the
present invention unless it is specifically stated otherwise.

First Embodiment

Below, a configuration of a three dimensional measure-
ment apparatus that has the functions of an information
processing apparatus of the present invention will be
described with reference to FIG. 1A. The three dimensional
measurement apparatus includes a projection unit 102, an
image capturing unit 103, a personal computer 104, and a
personal computer 106, and the three dimensional measure-
ment apparatus measures the three dimensional position of
a measurement object 101. The projection unit 102 is a
projector, for example, and projects light in predetermined
luminance patterns on the measurement object 101 at pre-
determined timings. The image capturing unit 103 is a CCD
camera, for example, and forms the luminance pattern light
that was projected on the measurement object 101 onto an
image sensor as a tone distribution, outputs the maximum
tone value for each tone point at which the exposure exceeds
the saturation light amount, and outputs a tone value corre-
sponding to the exposure for each tone point at which the
exposure is less than or equal to the saturation light amount.

The personal computer 104 controls the luminance pattern
projection performed by the projection unit 102, and the
personal computer 106 controls the image capturing per-
formed by the image capturing unit 103 as well as outputs
discretely sampled tone distributions from the luminance
distributions that were formed on the image sensor and
detects an intersection position. Adjustment of the quantity
of light that enters the image sensor is performed by adjust-
ing the intensity of the projected light, adjusting the expo-
sure time in image capturing, or adjusting the gain in image
capturing, for example. In the present embodiment, a light
quantity adjustment value for controlling the quantity of
light that enters the image sensor is calculated by the
personal computer 106. In the case of adjusting the quantity
of light by adjusting the intensity of the projected light, a
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light quantity adjustment value is sent from the personal
computer 106 to the personal computer 104 and used to
control the projection unit 102. In the case of adjusting the
quantity of light by adjusting the exposure time in image
capturing or adjusting the gain in image capturing, an
instruction is sent from the personal computer 106 to the
image capturing unit 103 and used to control the quantity of
light that enters the image sensor. Note that a first luminance
pattern 105a and a second luminance pattern 1055 in which
bright portions and dark portions are arranged alternately are
shown as examples of luminance patterns used in the present
embodiment. However, the first luminance pattern light and
the second luminance pattern light may be different from
that shown in FIG. 1.

Also, although FIG. 1A shows a configuration in which
the personal computer 104 and the personal computer 106
respectively control the image capturing unit 103 and the
projection unit 102, a configuration is possible in which the
image capturing unit 103 and the projection unit 102 are
controlled by one personal computer serving as the control
unit.

FIG. 1B is a diagram showing a block configuration of a
processing unit of the three dimensional measurement appa-
ratus. The three dimensional measurement apparatus
includes the projection unit 102, the image capturing unit
103, an intersection calculation unit 201, a light quantity
adjustment unit 202, and a control unit 203. The projection
unit 102 and the image capturing unit 103 are the same as
those described using FIG. 1A. The intersection calculation
unit 201 calculates intersection positions between the two
types of luminance patterns that were projected on the
measurement object, and these intersection positions are
necessary for performing three dimensional measurement.
The control unit 203 controls operations of the projection
unit 102, the image capturing unit 103, the intersection
calculation unit 201, and the light quantity adjustment unit
202, and also executes later-described processing of the
present invention. The intersection calculation unit 201
calculates individual tone intersections by interpolating the
tone distribution of the first luminance pattern light and the
tone distribution of the second luminance pattern light that
were output by the image capturing unit 103. The light
quantity adjustment unit 202 adjusts the quantity of light that
enters the image sensor of the image capturing unit 103.

The following describes processing for detecting inter-
section positions with reference to FIG. 2. First, the projec-
tion unit 102 projects the luminance pattern 105¢ on the
measurement object 101. Then the image capturing unit 103
captures an image of the measurement object 101 on which
the luminance pattern 105a is projected. A tone distribution
A is obtained as a result. Next, a projection operation and an
image capturing operation are similarly executed for the
luminance pattern 1055. A tone distribution B is obtained as
a result. In FIG. 2, the solid line indicates the luminance
distribution A on the image sensor corresponding to the
luminance pattern 105a, and the dashed line indicates the
luminance distribution B on the image sensor corresponding
to the luminance pattern 1055. Also, the tone distribution A
and the tone distribution B are numerical value strings
obtained by sampling the luminance distribution A and the
luminance distribution B for each pixel of the image sensor.
The first value is the tone value corresponding to a bright
portion in the luminance pattern 105¢ and the luminance
pattern 1055, and the second value is likewise the tone value
corresponding to a dark portion.

The luminance distribution A and the luminance distri-
bution B are each made up of a portion having the first value,
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a portion having the second value, and a connecting portion
that connects these two portions. The tone distribution A and
the tone distribution B are discrete positions in the lumi-
nance distribution A and the luminance distribution B, but
are similarly made up of a portion having the first value, a
portion having the second value, and a connecting portion
that connects these two portions.

There is a position where the luminance values are the
same in the connecting portions of the luminance distribu-
tion A and the luminance distribution B, and this position is
referred to as the luminance intersection position. There
should also be a position where the luminance values are the
same in the connecting portions of the tone distribution A
and the tone distribution B as well, and this position is
referred to as the tone intersection position. The tone inter-
section position is obtained by interpolating each tone
distribution at the position where the magnitudes of the tone
distribution A and the tone distribution B invert. Alterna-
tively, the tone intersection position may be obtained by first
obtaining a difference distribution by subtracting the tone
distribution B from the tone distribution A, and then inter-
polating the position at which the difference value is 0.

When discrete tone distributions are sampled from lumi-
nance distributions, the tone intersection position is influ-
enced by error arising in the sampling, thus resulting in a
margin of error from the true luminance intersection posi-
tion. Also, when luminance distributions influenced by shot
noise or noise arising from other factors are formed on an
image sensor, the tone intersection position that is obtained
in the tone distributions output from the luminance distri-
bution have a margin of error due to the influence of the
noise.

The following describes a concept for improving the
precision of intersection position detection according to the
present invention with reference to FIGS. 10A and 10B.
FIG. 10A shows four tone points in the vicinity of a tone
intersection that are used for tone intersection detection,
such as those shown in FIG. 2. As shown in FIG. 10B,
adjustment is performed so as to increase the quantity of
light that enters the image sensor such that the tone values
of the four tone points used for intersection detection (more
specifically, the two high-tone side tone points) are lower
than the maximum tone value of the image sensor, and such
that at least one of the tone values of the other tone points
is equal to the maximum tone value (i.e., is saturated). This
adjustment can be performed using at least one of, for
example, a method for adjusting the quantity of light used in
pattern projection, a method for adjusting the exposure time
of the camera, and a method for adjusting the gain in image
capturing. Note that the quantity of light may be adjusted
such that a predetermined number or more of tone points are
equal to the maximum tone value. As another alternative, the
quantity of light may be adjusted such that the tone values
of all of the high-tone side tone points other than the
adjacent tone points are equal to the maximum tone value.
Also, adjustment may be performed so as to maximize the
quantity of light that enters the image sensor while achieving
the state in which the tone values of the tone points that are
adjacent to the tone intersections and are used for calculating
the individual tone intersection points are lower than the
maximum tone value.

If the quantity of light is increased, the detected signal has
a higher intensity, and detection precision can be improved.
On the other hand, the tone values of the tone points that are
not used in intersection detection do not influence detection
precision error even if they exceed the maximum tone value.
When the quantity of light is adjusted in this way, there is a
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low amount of increase in shot noise of the camera relative
to the increase in signal intensity, thus resulting in an
improved SN ratio and making it possible to reduce detec-
tion error.

Next, a procedure of preliminary preparation measure-
ment processing according to the first embodiment will be
described with reference to the flowchart of FIG. 3. Pre-
liminary preparation measurement processing is processing
for calculating an adjustment value for adjusting the quantity
of light that enters the image sensor.

In step S301, the projection unit 102 projects light in the
first luminance pattern 105a, in which bright portions and
dark portions are arranged alternately, on the measurement
object 101. Then the image capturing unit 103 captures an
image of the measurement object 101 on which the lumi-
nance pattern 1054 is projected. A tone distribution G1 is
obtained as a result. In step S302, the projection unit 102
projects light in the second luminance pattern 10554 on the
measurement object 101. Then the image capturing unit 103
captures an image of the measurement object 101 on which
the luminance pattern 1055 is projected. A tone distribution
G2 is obtained as a result.

In FIGS. 8, 801 to 805 indicate examples tone distribu-
tions that are obtained. Although the maximum tone value of
the image sensor is 255 in the present embodiment, the
maximum tone value may be 4095 or another value depend-
ing on image capturing settings and processing. The hori-
zontal axis represents the pixel position in the image sensor,
and the vertical axis represents the tone value.

In step S303, the intersection calculation unit 201
searches for the intersection between the tone distribution
G1 and the tone distribution G2.

In step S304, the control unit 203 generates a tone
histogram containing the high-tone side tone points among
the tone points that are adjacent to the intersection between
the tone distribution G1 and the tone distribution G2 that
was found in step S303. Here, the adjacent tone points are
the four adjacent tone points that form the intersection (the
intersection between straight lines connecting two tone
points). The high-tone side tone points are the two tone
points that are on the high-tone side among the four tone
points. The tone histogram is a histogram obtained by
extracting the high-tone side adjacent tone points for each
intersection, and plotting the tone value on the horizontal
axis and the number of tone points on the vertical axis. FIG.
9 shows an example of the tone histogram that is calculated.

As shown by 804 in FIG. 8, if a portion of the tone values
of the tone points adjacent to the intersection between the
tone distribution G1 and the tone distribution G2 are equal
to the maximum tone value of the image sensor, this shows
that the quantity of light received by the image sensor is
saturated in that portion. In step S305, the control unit 203
determines whether, among the high-tone side adjacent tone
points, the percentage of tone points whose tone value is
equal to the maximum tone value of the image sensor is
greater than or equal to a threshold T % (e.g., T=30). In the
case of a determination that, among the high-tone side
adjacent tone points, the percentage of tone points whose
tone value is equal to the maximum tone value of the image
sensor is greater than or equal to the threshold T % (step
S305: YES), there are cases where the later-described tone
value L1 is equal to the maximum tone value of the image
sensor, and it is difficult to accurately obtain the later-
described light-quantity adjustment value k. The procedure
therefore moves to step S306. On the other hand, in the case
of a negative determination (S305: NO), the procedure
moves to step S307.
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In step S306, the light quantity adjustment unit 202
performs adjustment so as to change at least one of the
intensity of projected light (projected light quantity), the
exposure time in image capturing, and the image capturing
gain in order to reduce the quantity of light that enters the
image sensor. For example, light quantity adjustment is
performed such that the quantity of light that enters the
image sensor is reduced to half. However, adjustment needs
only be performed so as to reduce the quantity of light, and
it is not necessarily required to perform adjustment such that
the quantity of light is reduced to half. Depending on the
situation, adjustment may be performed such that the quan-
tity of light is reduced to 10% or reduced to 90%. Thereafter,
the procedure returns to step S301. Note that when mea-
surement is performed again after adjusting the quantity of
light, a tone distribution such as that indicated by 801 or 802
in FIG. 8 is obtained.

In step S307, the control unit 203 uses the tone histogram
generated in step S304 to calculate the tone value L1, which
is the tone value that contains a threshold S % (e.g., S=70)
of the tone points in the tone histogram. In FIG. 9, letting §
be the total number of tone points contained in the histo-
gram, [.1 is the tone value at the position at which the
number of contained tone points is a. Here, the relationship
(a/P)x100=S holds. The threshold S can be determined
according to the condition of the intersection. In step S308,
the control unit 203 calculates a maximum tone value Lmax
from the tone distributions. The maximum tone value Lmax
is the tone value of the tone point that corresponds to the
extreme value whose value is high in the sine curve of the
tone distributions. Note that the maximum tone value Lmax
may be the average value of the top 5% or the top 10% of
the tone values in the tone distributions. Also, in order to
remove the influence of pixel defects of the image sensor
and singularities at which high tone values are detected due
to noise, the average value of the top 5% to 10% of the tone
values of the tone distributions, or the average value of the
top 7% of the tone values may be used. The Lmax calcu-
lation method may be arbitrarily changed according to the
state of the measurement object 101 and the condition of the
measurement environment.

In step S309, the control unit 203 sets a target tone value
Lt for calculating the light quantity adjustment value k. The
target tone value Lt is the tone value that contains the
threshold S % of the tone points in the tone histogram when
the quantity of light has been adjusted.

The range of the target tone value Lt is set such that the
following relationship is satisfied.

Maximum tone value of image
sensor>=L>=maximum tone value of image
sensorx(L1/Lmax)

For example, the target tone value L.t may be the maxi-
mum value in the above range, or may be the average of the
maximum value and the minimum value. Here, assuming
that the value of L1 is 120, the value of Lmax is 160, and the
maximum tone value of the image sensor is 255, the
following is obtained.

255>=L>=255%x120/160=191

Here, the average value “223” of the maximum value
“255” and the minimum value “191” is set as the target tone
value Lt.

In step S310, the light quantity adjustment unit 202
calculates the light quantity adjustment value k. Assuming
that Lt=223 and [.L1=120, according to the relational expres-
sion Lt=kx[.1, 1.86 is obtained as the light quantity adjust-
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ment value k. Next, a procedure of intersection detection
processing in actual measurement according to the first
embodiment will be described with reference to the flow-
chart of FIG. 4.

In step S401, the light quantity adjustment unit 202
adjusts at least one of the intensity of projected light, the
exposure time in image capturing, and the gain in image
capturing in accordance with the light quantity adjustment
value k that was calculated in the preliminary measurement
processing in FIG. 3.

In step S402, the projection unit 102 projects light in the
first luminance pattern 105a, in which bright portions and
dark portions are arranged alternately, on the measurement
object 101. Then the image capturing unit 103 captures an
image of the measurement object 101 on which the lumi-
nance pattern 1054 is projected. A tone distribution G3 is
obtained as a result.

In step S403, the projection unit 102 projects light in the
second luminance pattern 1055 on the measurement object
101. Then the image capturing unit 103 captures an image of
the measurement object 101 on which the luminance pattern
1055 is projected. A tone distribution G4 is obtained as a
result.

In step S404, the intersection calculation unit 201 detects
the intersection between the tone distribution G3 and the
tone distribution G4. In actual measurement, images of the
measurement object 101 are captured while projecting the
first luminance pattern light and the second luminance
pattern light in accordance with the light quantity adjustment
value k=1.86 that was calculated according to the processing
in the flowchart of FIG. 3, thus obtaining tone distributions
such as those shown in 803 in FIG. 8. Tone distribution
intersections are detected based on these tone distributions.

The above-described processing in the flowchart of FIG.
4 then ends.

In the example of 803 in FIG. 8, the high-tone side tone
values of the pixels adjacent to the intersection between the
tone distributions are not equal to the maximum tone value
of'the image sensor, and at least one or more tone value other
than the adjacent tone values is equal to the maximum tone
value.

The high-tone side tone values of the pixels adjacent to
the intersection can be obtained by obtaining the tone values
that approach the maximum tone value of the image sensor.
This enables relatively reducing the shot noise that appears
in the tone values. When intersection detection is performed
using the tone values of these pixels adjacent to the inter-
section, it is possible to reduce the influence of shot noise to
a minimum and thus reduce intersection error.

Note that although the actual measurement processing in
FIG. 4 is performed after the preliminary measurement
processing in FIG. 3 in the present embodiment, the pre-
liminary measurement processing may be followed by mass
processing, or a configuration is possible in which prelimi-
nary processing is performed in advance to obtain informa-
tion on the light quantity adjustment value before actual
measurement.

As described above, the adjacent tone values that include
the intersection detected from the first and second tone
distributions are not equal to the maximum tone value of the
image sensor, and a portion of the tone values other than the
adjacent tone values are equal to the maximum tone value of
the image sensor. Since the adjacent tone values that include
the intersection are high values at this time, it is possible to
relatively reduce the influence of shot noise, thus having an
effect of enabling a reduction in error in the intersection that
is detected.
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Second Embodiment

Next, a procedure of preliminary preparation measure-
ment processing according to a second embodiment will be
described with reference to the flowchart of FIGS. 5A and
5B. In step S501, the projection unit 102 projects a uniform
pattern having uniform luminance values in a predetermined
range on the measurement object 101. The image capturing
unit 103 then captures an image of the measurement object
101 on which the uniform pattern is projected. A tone
distribution GO is obtained as a result. Here, the predeter-
mined range refers to the range between one intersection and
at least one adjacent intersection when the pattern is pro-
jected on the measurement object 101.

In step S502, the control unit 203 determines whether,
among the high-tone side adjacent tone points, the percent-
age of tone points whose tone value is equal to the maximum
tone value of the image sensor is greater than or equal to a
threshold P %. If the percentage of tone points whose tone
value is equal to the maximum tone value of the image
sensor is greater than or equal to the threshold P %, the
quantity of light that enters the image sensor is too high, and
therefore the tone distribution GO is saturated. In this case,
the shape of the tone distribution differs from its original
shape, and therefore intersection error increases, and it
becomes difficult to accurately obtain the light quantity
adjustment value k. For this reason, in order to reduce the
quantity of light that enters the image sensor, it is necessary
to change the intensity of projected light, the exposure time,
or the gain, and again project a luminance pattern having the
maximum luminance value in a predetermined range and
perform image capturing.

In the case of determining that the percentage of tone
points whose tone value is equal to the maximum tone value
of the image sensor is greater than or equal to the threshold
P % (step S502: YES), the procedure moves to step S509.
On the other hand, in the case of a negative determination
(S503: NO), the procedure moves to step S503.

In step S503, the control unit 203 calculates and obtains
an average value La of the tone distribution GO0. The
processing from step S504 to step S512 will not be described
since it is similar to the processing from step S301 to step
S309.

In step S513, the control unit 203 uses the average tone
value La of the uniform pattern and the tone value [.1 of a
pixel adjacent to the intersection to calculate a tone value
ratio M with the expression M=[1/La. For example, in the
case where the threshold S is 70, if the tone value L1 that
contains the threshold 70% of the tone points in the tone
histogram is 80, and the average tone value La of the
uniform pattern is 100, then the tone value ratio M=0.8 is
obtained. This tone value ratio M is used when calculating
the light quantity adjustment value k in the processing of
FIG. 6 described below. The above-described processing in
the flowchart of FIGS. 5A and 5B then ends.

Next, a procedure of intersection detection processing in
actual measurement according to the second embodiment
will be described with reference to the flowchart of FIG. 6.
In step S601, a user arranges the measurement object 101.
The measurement object may be different from that used in
the preliminary measurement in FIGS. 5A and 5B. In step
S602, the projection unit 102 projects a uniform pattern
having uniform luminance values in a predetermined range
on the measurement object 101. The image capturing unit
103 then captures an image of the measurement object 101
on which the uniform pattern is projected. A tone distribu-
tion G10 is obtained as a result.
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The processing of step S603 and step S604 will not be
described since it is similar to the processing of step S502
and step S509. In step S605, the control unit 203 calculates
and obtains an average value La2 of the tone distribution
G10.

In step S606, the light quantity adjustment unit 202
calculates the light quantity adjustment value k using the
target tone value Lt and the tone value ratio M that were
calculated in the preliminary measurement in FIGS. 5A and
5B. The light quantity adjustment value k is calculated with
the relational expression Lt=kx[.a2xM.

In step S607, the light quantity adjustment unit 202
performs adjustment by changing at least one of the intensity
of projected light, the exposure time in image capturing, and
the image capturing gain in accordance with the light
quantity adjustment value k that was calculated in step S606,
in order to reduce the quantity of light that enters the image
sensor.

In step S608, the projection unit 102 projects the first
luminance pattern 105a, in which bright portions and dark
portions are arranged alternately, on the measurement object
101 with the light quantity adjusted according to the light
quantity adjustment value k. Then the image capturing unit
103 captures an image of the measurement object 101 on
which the luminance pattern 105a is projected. A tone
distribution G3 is obtained as a result.

In step S609, the projection unit 102 projects the second
luminance pattern 1055 on the measurement object 101 with
the light quantity adjusted according to the light quantity
adjustment value k. Then the image capturing unit 103
captures an image of the measurement object 101 on which
the luminance pattern 1055 is projected. A tone distribution
G4 is obtained as a result. Note that tone distributions such
as those shown in 805 in FIG. 8 are obtained here.

In step S610, the intersection calculation unit 201 detects
the intersection between the tone distribution G3 and the
tone distribution G4.

In the example of 805 in FIG. 8, a portion of the high-tone
side tone values of the pixels adjacent to the intersection in
a predetermined range of the tone distribution are equal to
the maximum tone value of the image sensor, and therefore
even if the intersection is detected using the adjacent tone
values that are equal to the maximum tone value, the margin
of error will increase, and accurate measurement will not be
able to be performed. However, the high-tone side tone
values of the other pixels adjacent to the intersection are near
the maximum tone value of the image sensor and can be
obtained, and therefore it is possible to relatively reduce the
shot noise that appears in the tone values. Detecting the
intersection using these adjacent tone values that are not
equal to the maximum tone value enables suppressing the
influence of shot noise and reducing intersection error.

According to the present embodiment, the light quantity
adjustment value can be calculated using at least one uni-
form pattern that has uniform luminance values in a prede-
termined range, thus enabling a reduction in processing time
in the case where the light quantity adjustment value is
calculated after changing the measurement object.

Third Embodiment

Next, a procedure of preliminary preparation measure-
ment processing according to a third embodiment will be
described with reference to the flowchart of FIG. 7. In step
S701, the projection unit 102 projects the first luminance
pattern 105a, in which bright portions and dark portions are
arranged alternately, on the measurement object 101. Then
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the image capturing unit 103 captures an image of the
measurement object 101 on which the luminance pattern
105a is projected. A tone distribution G1 is obtained as a
result.

In step S702, the control unit 203 searches the tone
distribution G1 for a pixel that approximates a tone value
threshold Q. The threshold Q is assumed to be the tone value
at the midpoint between the maximum tone value and the
minimum tone value of the tone distribution G1, for
example. Alternatively, the threshold Q may be the average
value of all of the tone values in the tone distribution G1, or
the average value of the top 5% and the bottom 5% of the
tone values.

In step S703, the control unit 203 generates a tone
histogram containing the high-tone side tone points among
the tone points that are adjacent to the pixel that approxi-
mates the threshold Q and was found in step S702.

The processing from step S704 to step S709 will not be
described due to being similar to the processing from step
S305 to step S310. Note that the processing of step S707
differs in that the maximum tone value is calculated from
only the tone distribution G1.

Actual measurement is executed according to the flow-
chart in FIG. 4, using the light quantity adjustment value k
that was calculated in the flowchart of FIG. 7.

According to the present invention, precision in intersec-
tion position detection is improved, and it is possible to
perform three dimensional measurement with good preci-
sion.

Other Embodiments

Aspects of the present invention can also be realized by a
computer of a system or apparatus (or devices such as a CPU
or MPU) that reads out and executes a program recorded on
a memory device to perform the functions of the above-
described embodiments, and by a method, the steps of which
are performed by a computer of a system or apparatus by, for
example, reading out and executing a program recorded on
a memory device to perform the functions of the above-
described embodiments. For this purpose, the program is
provided to the computer for example via a network or from
a recording medium of various types serving as the memory
device (e.g., computer-readable storage medium).

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2011-267257 filed on Dec. 6, 2011, which
is hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image processing apparatus comprising:

a captured image obtaining unit configured to obtain a
first captured image of a target object onto which a first
pattern light is projected by a projection unit and a
second captured image of the target object onto which
a second pattern light, in which the positions of a bright
portion and a dark portion of the first pattern light are
inverted, is projected by the projection unit; and

a control unit configured:

(a) to detect a first position and a second position adjacent
to the first position in the obtained captured image,
wherein a magnitude relation between a pixel value of
the first captured image and a pixel value of the second
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captured image in the first position is inverted from a
magnitude relation between a pixel value of the first
captured image and a pixel value of the second cap-
tured image in the second position,

(b) to control, based on the pixel value of the first captured
image or the second captured image in the detected first
position or second position, (1) an amount of light that
enters an image sensor of the captured image obtaining
unit or (2) a gain of the image sensor; and

(c) to control the captured image obtaining unit to obtain
a third captured image of a target object onto which the
first pattern light is projected by the projection unit and
a fourth captured image of the target object onto which
the second pattern light is projected by the projection
unit, wherein the controlled amount of light or con-
trolled gain is used in obtaining the third captured
image and the fourth captured image so as to improve
a signal-to-noise ratio of the third captured image and
the fourth captured image, which images are used to
determine a tone intersection.

2. The image processing apparatus according to claim 1,
wherein the control unit controls the amount of light that
enters the image sensor comprised of the image capturing
unit, by controlling at least one of a parameter for control-
ling a brightness of a pattern light projected by the projection
unit and a parameter for controlling an amount of light of the
image capturing unit, based on the pixel value of the
detected first position or second position.

3. The image processing apparatus according to claim 1,
wherein the control unit comprises a determination unit
configured to determine (a) a plurality of pixels in which the
magnitude relation is inverted and (b) whether the pixel
values of the detected positions are saturated, and

wherein the control unit controls the amount of light such
that an amount of light that enters the image sensor is
reduced, in a case where a number of positions detected
as being saturated by the determination unit is larger
than a threshold.

4. The image processing apparatus according to claim 1,
wherein the control unit controls the amount of light that
enters the image sensor, by controlling at least one of an
amount of projection light of the projection unit and an
exposure time of the image capturing unit.

5. The image processing apparatus according to claim 1,
wherein the first pattern light and the second pattern light
each comprise repeat light and dark in a predetermined
direction, and

wherein the first pixel and the second pixel are adjacent in
a direction corresponding to the predetermined direc-
tion in the first captured image and the second captured
image.

6. The image processing apparatus according to claim 5,
wherein the corresponding direction is a vertical direction or
a horizontal direction of the first captured image or the
second captured image.

7. The image processing apparatus according to claim 1,
further comprising a measurement unit configured to per-
form a three-dimensional measurement, based on an image
obtained by capturing a target object onto which a prede-
termined pattern light is projected.

8. The image processing apparatus according to claim 7,
the predetermined pattern light is a space encoding pattern
light.

9. A method of controlling an image processing apparatus,
the method comprising:

obtaining a first captured image of a target object onto
which a first pattern light is projected by a projection
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unit and a second captured image of the target object
onto which a second pattern light, in which the posi-
tions of a bright portion and a dark portion of the first
pattern light are inverted, is projected by the projection
unit;

detecting a first position and a second position adjacent to
the first position in the obtained captured image,
wherein a magnitude relation between a pixel value of
the first captured image and a pixel value of the second

5
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onto which a second pattern light, in which the posi-
tions of a bright portion and a dark portion of the first
pattern light are inverted, is projected by the projection
unit;

detecting a first position and a second position adjacent to
the first position in the obtained captured image,
wherein a magnitude relation between a pixel value of
the first captured image and a pixel value of the second
captured image in the first position is inverted from a

captured image in the first position is inverted from a 10 magnitudf: relation betwpen a pixel value of the first
magnitude relation between a pixel value of the first capt(lilr.ed 1nage End a plzel Va}l}le .Of the second cap-
captured image and a pixel value of the second cap- tured image mn the second position;
tured image in the second position: controlling, based on the pixel value of the first captured
controlling, based on the pixel value of the first captured lmage or the second capt.ured image in the detec.ted first
image or the second captured image in the detected first 15 position or .second position, (1) an amount of llght that
position or second position, (1) an amount of light that enters .an (image sensor or (2) a gain of the image
enters an image sensor or (2) a gain of the image SCNSOr; anc . .
sensor: and obtaining, using the controlled amount of light or gain, a
obtaining, using the controlled amount of light or gain, a third capturgd 1mage O.f a target object onto Whlc.h the
third captured image of a target object onto which the 20 first pattem light 18 projected by the projection unit gnd
first pattern light is projected by the projection unit and a fourth captured umage O.f the target object OmO.Wh.lCh
a fourth captured image of the target object onto which the? second pattern light 15 prOJecteq by the projection
the second pattern light is projected by the projection unit, SO(?S. to 1mpr0(\1/e1211 51I§_5n alﬁo-nmse r(;t.l o of the tllllilrﬂ
unit, so as to improve a signal-to-noise ratio of the third captured image and the lourth captured image, whic
25 images are used to determine a tone intersection.

captured image and the fourth captured image, which
images are used to determine a tone intersection.

11. The image processing apparatus according to claim 1,
wherein the control unit is configured (a) to determine

10. A non-transitory computer-readable storage medium
storing a program for causing a computer to execute a
method of controlling an image processing apparatus, the
method comprising:

obtaining a first captured image of a target object onto

which a first pattern light is projected by a projection
unit and a second captured image of the target object L

adjacent pixels in which the magnitude relation is inverted
and (b) to control, based on pixel values of the first captured

30 image or the second captured image of the detected adjacent
positions, the amount of light that enters the image sensor or
the gain of the image sensor.



